In a prior communication (Schuhardt, Rode, Foster, and Oglesby, 1949) we reported the presence of an antibrucella factor or factors in peptones. This factor was noted in only three of many lots of Difco tryptose studied, and in each instance the tryptose was found to be toxic at the first testing for this factor.
Since the Digestive Ferments Company tests each lot of tryptose for suitability for culturing brucellae from small inocula before releasing the product for sale, it seemed likely that the antibrucella toxicity must have developed subsequent to this testing and release. In the past year we have noted the development of such toxicity in a lot of tryptose that previously had been found nontoxic for brucellae by our decimal dilution inoculation method of testing. Table 1 gives the evidence for the gradual development of antibrucella toxicity by this lot of tryptose. In August of 1947, 2 per cent broth made up from this lot (388626) of tryptose supported growth of our Brucella abortus 1257 from all 0.1-ml inocula, including dilutions through 10-9, of a 48-hour broth culture of this organism. In January, 1948, this 2 per cent tryptose broth supported growth from comparable inocula through 10-5, and in December, 1949 , and subsequently growth has failed to develop in all tubes of this medium inoculated with dilutions of the 48-hour broth culture greater than 10-1 or 10-2.
The newly acquired antibrucella toxicity of tryptose lot 388626 was compared with that of previously noted lots of toxic tryptose to determine whether or not the two were identical. The toxicity of both the newly toxic lot and of the previously observed toxic lots was neutralized by a variety of reducing agents, by 2 per cent agar, by treatment with hydrogen peroxide, and by heating at an alkaline pH. Heating at an acid pH had no effect. The toxicity can be adsorbed from both lots of tryptose by "norit" and by "amberlite" IR4. Also the antibrucella spectrum of the newly toxic lot correlates that of the previously observed toxic lots. Therefore we are convinced that the toxicity of tryptose lot 388626 is of the same nature as that of previously described toxic lots of tryptose, and that this toxicity has developed since the release of the product.
After finding one bottle of tryptose lot 388626 toxic for B. abortus 1257 we tested a second bottle of this lot number which had not been opened previously and found it to be toxic at this time. This indicates that development of toxicity is not the consequence of gross exposure of the opened bottle of tryptose to atmospheric oxygen and the moisture of the laboratory environment.
Efforts to establish the nature of this peptone toxicity for brucellae are still SHUHARDT, RODE, OGLESBY, AND LANKFORD [VOL. 60 inconclusive. As stated in our recent paper (Schuhardt, Rode, and Oglesby, 1949) , there is a marked similarity between cystine toxicity and the natural tryptose toidcity for brucellae. This similarity may be summarized as follows: Both cystine and tryptose toxicity are neutralized by agar, by reducing agents, and by treatment with hydrogen peroxide. Also, the antibacterial spectra of cystine and toxic tryptose correspond very closely. However, there are experimental observations which tend to contraindicate the identity of cystine and tryptose toxicity for brucellae. In both chemical and microbiological analyses we find either no or reverse correlation between cystine content and the antibrucella activity of toxic and nontoxic tryptose. This, however, might be explained in terms of the varying amounts of neutralizing agents for cystine toxicity present in the two types of tryptose and therefore need not rule out the identity of cystine and tryptose toxicity. Also, after the detoxifica- tion of toxic tryptose by peroxide treatment designed to destroy the cystine content, we have been unable to restore toxicity to the treated medium by the addition of the calculated amount of destroyed cystine. It is probable, however, that peroxide treatment which would destroy the cystine in the toxic tryptose would bring about changes in other constituents of the complex medium. Therefore it is impossible to say that the calculated amount of cystine destroyed should have the same antibrucella effect when added to the peroxide-treated medium that it might have had in the original digest medium. However, a most damaging contraindication to the cystine hypothesis is the fact that norit, which, as noted above, adsorbs the toxic factor from tryptose broth at an acid pH, has practically no effect on the cystine concentration of this medium. These observations, which tend to refute the concept of the identity of cystine and tryptose toxicity for brucellae, have impelled us to undertake extensive investigations of the nature of these and related metabolic phenomena. We have long known that toxic lots of tryptose were toxic whether heat-sterilized (121 C for 20 minutes) or filtered. However, practically all our cystine toxicity studies previously reported have been done with heat-sterilized cystine. In order to test the effect of the method of sterilization upon cystine toxicity for B. abortus, we designed experiments to compare heat-sterilized and filter-sterilized cystine in tryptose broth for antibrucella toxicity. Duplicate solutions of 1 per cent nontoxic tryptose (lot 398609) were prepared containing 400 j,g per ml of added cystine. The pH of each medium was adjusted to 7.0, and one preparation was sterilized in the autoclave at 121 C for 20 minutes. The other preparation was sterilized by filtration through a fritted glass filter. Five-ml portions of each preparation were diluted serially in equal volumes of sterile 1 per cent nontoxic tryptose, using aseptic technique. This gave final concentrations of cystine ranging from 400 to 3.12 Ag per ml. A tryptose The next problem was to determine whether the antibrucella toxicity of heatsterilized cystine tryptose broth was the consequence of a reaction product or of a breakdown product of cystine. For this purpose we sterilized, at 121 C, water solutions of cystine (400 pg per ml) at pH 1.5 and at pH 7.0 for 15 minutes, 30 minutes, and 1 hour. After sterilization an aliquot of each cystine preparation was added to an equal aliquot of sterile 2 per cent nontoxic tryptose broth. The pH was adjusted to 7.0 aseptically, and 5-ml portions of each cystine preparation were diluted serially with 5-ml aliquots of sterile 1 per cent tryptose. This gave final cystine concentrations ranging from 200 to 1.56 ,g per ml. The preparations and controls were inoculated and incubated as described in the preceding experiment.
When the water solution of cystine was heat-sterilized at pH 1.5, toxicity for B. abortus 1257 was not induced, as evidenced by growth in 5 days at all cystine concentrations tested. However, when the cystine was sterilized in the water solution at pH 7.0 and added aseptically to the tryptose broth, it induced antibrucella toxicity at added cystine concentrations of 12.5 to 25 ,ug per ml, with the greater toxicity correlating the longer intervals of heating. These results tend to convince us that a heat-induced breakdown product of cystine is capable of conferring antibrucella toxicity to normally nontoxic peptone solutions.
We next organized an experiment to determine whether or not norit would adsorb the toxicity induced in nontoxic tryptose by heat sterilization with cystine. For this purpose 400 ,ug per ml of cystine were added to 0.5 per cent nontoxic tryptose lot 398609 and the solution was autoclaved at 121 C for 30 minutes at pH 7.0. This heat-sterilized cystine tryptose solution was divided into 4 aliquots, which were treated as follows:
(1) With aseptic precautions 5-ml portions were diluted serially with 5-ml aliquots of sterile 0.5 per cent nontoxic tryptose lot 398609, giving final cystine concentrations ranging from 400 to 1.56 pg per ml. (2) The pH was adjusted to 3.0 and the solution was adsorbed with norit for 1 hour. The norit was removed, the pH readjusted to 7.0, and the solution sterilized by filtration through a fritted glass disk. Five-ml portions were diluted serially as in 1 above. (3) An aliquot was treated the same as 2 above except that no norit was used. This served as a control on the pH adjustments. (4) An aliquot of norit-adsorbed and filter-sterilized solution (2 above) was reheated at 121 C for 30 minutes before being diluted serially as in 1 above.
All preparations and controls containing no added cystine were inoculated with 0.1 ml of a 104 dilution of a 48-hour broth culture of B. abortus 1257 and incubated at 37 C for 5 days.
The results of this experiment (table 3) indicate that heat-sterilized cystine in concentrations of 25 jig or more per ml imparts antibrucella toxicity to 0.5 per cent nontoxic tryptose solution. This toxicity is not altered appreciably by manipulating the preparation to pH 3.0 and back to pH 7.0 and filtering it through fritted glass. This heat-induced cystine toxicity can be removed by adsorption for 1 hour at pH 3.0 with norit. Also the norit-detoxified broth can be rendered toxic again by reheating it at 121 C for 30 minutes. This last observation seems to indicate that only a minor portion of the added cystine is converted to the toxic breakdown product and that additional cystine can be broken down on reheating. We have not determined the quantitative aspects of this phenomenon.
Because of these results we are inclined to conclude that a cystine breakdown product which can be heat-induced is responsible for the "cystine" toxicity previously described for brucellae. We also believe that the same product might be the antibrucella factor observed in toxic lots of tryptose and other peptones, and that the changes involved in the production of this factor might occur gradually in the absence of excessive heat and may develop in sufficieat concentra- The toxicity proved to be the same as that previously reported for other toxic lots of tryptose, and it did not develop as a result of gross exposure to laboratory environments.
Cystine when heat-sterilized at pH 1.5 or when sterilized by filtration does not induce antibrucella toxicity in nontoxic tryptose. Also cystine sterilized by filtration will reverse the toxicity of toxic tryptose for B. abortus. Therefore we have concluded that cystine per se is not the antibrucella factor in toxic peptones.
Since cystine when heat-sterilized at pH 7.0 in distilled water and added to nontoxic tryptose renders these peptones toxic for brucellae, we are inclined to conclude that a breakdown product of cystine (probably an oxidation product) is the antibrucella factor of the cystine-induced toxicity.
Since norit will adsorb the antibrucella factor from tryptose that has been made toxic for B. abortus by heat sterilization with cystine at pH 7.0, we are inclined to believe that this toxic breakdown product of cystine might be the antibrucella factor in toxic tryptose and other peptones.
